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ABSTRACT 


THE  LONG-TERM  EFFECTS  OF  MALNUTRITION  ON  IQ  AND  ADAPTIVE 
BEHAVIOR  IN  INDONESIAN  CHILDREN.  Kinari  E.  Webb,  Sara  S.  Sparrow,  Nicholas  J. 
Horton,  Paul  Geary,  and  David  L.  Katz.  Yale  Child  Study  Center  and  Yale  University 
Department  of  Psychology,  New  Haven,  CT;  Department  of  Biostatistics,  Section  of  General 
Internal  Medicine,  Boston  University  School  of  Public  Health  and  School  of  Medicine,  Boston 
MA;  Section  of  Internal  Medicine,  Bethesda  Mission  Hospital,  West  Kalimantan,  Indonesia; 
Department  of  Epidemiology  and  Public  Health,  Yale  University  School  of  Medicine,  New 
Haven,  CT. 


This  research  explored  the  relationship  between  malnutrition,  environmental  factors,  and  the 
cognitive  and  developmental  skills  of  Dyak  children  in  West,  Kalimantan,  Indonesia.  We 
compared  a  child’s  stature  with  their  IQ  and  adaptive  behavior  skills  at  age  7-8  years  old  as 
measured  by  the  Test  of  Non-Verbal  Intelligence-third  revision  and  the  Vineland  adaptive 
behavior  skills  test  (N=92).  The  effect  of  timing  and  duration  of  malnutrition  on  IQ  and  adaptive 
behavior  was  also  examined  by  using  anthropometric  data  that  had  been  collected  monthly  during 
the  children’s  first  five  years  of  life  (N=38).  Shorter  children  were  found  to  have  decreased  IQs 
and  composite  adaptive  behavior  scores  although  these  associations  were  not  significant  after  the 
confounding  effects  of  parental  IQ,  schooling  and  economic  variables  were  taken  into  account. 
Shorter  children  had  poorer  scores  in  the  motor  skills  subsection  of  the  Vineland  and  this  effect 
remained  after  controlling  for  environmental  factors.  Children  with  low  weight-for-age  z-scores 
at  17  and  30  months  had  decreased  IQs  and  children  who  weighed  less  at  48  months  had  reduced 
adaptive  behavior  scores.  This  suggests  that  malnutrition  at  different  ages  may  have  differential 
effects  on  cognitive  and  developmental  outcomes.  Children  with  an  increased  duration  of 
malnutrition  had  lower  IQs  but  this  effect  did  not  remain  when  environmental  factors  were 
included  in  the  analyses.  The  complex  interactions  and  potential  causal  relationships  between 
measures  of  nutritional  status,  other  environmental  variables,  and  cognitive  and  developmental 
skills  are  discussed.  While  malnutrition  may  have  detrimental  effects  on  cognitive  and 
developmental  skills,  these  effects  appear  to  be  relatively  small  in  comparison  to  the  large 
negative  effects  of  other  risk  factors  such  as  lack  of  schooling. 
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INTRODUCTION 


A  recent  survey  by  the  world  health  organization  found  that  more  than  a  third  of  the 
world’s  population  is  affected  by  malnutrition  and  that  43%  of  children  under  the  age  of 
five  in  developing  countries  are  stunted  (de  Onis  et  al.  1993).  This  represents  a  massive 
loss  of  human  potential  if  there  are  long-term  negative  consequences  of  malnutrition  in 
terms  of  overall  mental  and  physical  capabilities.  Significant  research  effort  has  been 
conducted  over  the  past  30  years  to  identify  what  the  long-term  consequences  of 
malnutrition  are,  but  the  answer  has  remained  surprisingly  elusive.  The  cumulative 
research  is  convincing  that  concurrent  with  a  period  of  malnutrition  children  have 
decreased  cognitive  function  (Grantham-McGregor  1995,  Galler  and  Ross  1993). 
However,  children  tend  to  recover  to  a  large  degree  after  the  bout  of  malnutrition  is  over 
and  the  evidence  about  long-term  consequences  is  less  clear  (Wachs  1995).  This  is 
partially  due  to  the  inherent  difficulties  in  addressing  this  complex  problem.  Various 
studies  have  documented  a  small  negative  long-term  impact  of  malnutrition  in  terms  of 
IQ  (Grantham-McGregor  et  al.  1994,  Humphreys  et  al.  1985,  Hoorweg  and  Stanfield 
1976),  school  achievement  (Galler  et  al.  1990),  verbal  reasoning  and  comprehension 
(Agarwal  et  al.  1989),  attentiveness  and  exploration  of  the  environment  (Meeks  Gardner 
1999,  Grantham-McGregor  1993,  Grantham-McGregor  1987,  Espinosa  et  al  1992). 
However,  not  all  of  these  studies  have  appropriately  controlled  for  environmental  deficits 
and  of  those  that  have,  there  is  little  consistency  in  which  variables  are  measured.  The 
relationship  between  the  duration  and  timing  of  malnutrition  have  also  rarely  been 
addressed  in  the  literature  (Levitsky  and  Strupp  1995,  Wachs  1995).  This  study  was  able 
to  address  the  potential  effects  of  malnutrition,  as  indicated  by  reduced  stature,  on  long- 
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term  cognitive  and  developmental  outcomes  and  to  examine  the  effects  of  duration  and 
timing  of  malnutrition.  This  was  possible  because  of  access  to  a  remarkable  data  set 
associated  with  a  village-based  health  care  program  in  rural  Indonesia  where  children 
were  weighed  approximately  monthly  for  the  first  five  years  of  their  life.  It  was  also 
possible  to  measure  socioeconomic  factors  that  may  have  affected  a  child’s  mental  and 
behavioral  development  and  to  account  for  these  factors  in  assessing  the  association 
between  height  and  cognitive  abilities. 

Part  of  the  reason  that  there  are  still  many  questions  about  how  malnutrition  and  other 
environmental  factors  affect  a  child’s  cognitive  and  developmental  skills  is  the  difficulty 
in  defining  and  measuring  all  of  these  variables.  Quantifying  malnutrition  poses  a 
particularly  difficult  problem.  While  severe  malnutrition  (kwashiorkor  or  marasmus)  is 
generally  clinically  apparent,  the  subtle  manifestations  of  chronic  low-grade  malnutrition 
or  mild-moderate  malnutrition  are  less  obvious.  Height  is  one  of  the  best  measures  of 
malnutrition  as  decreased  height  appears  to  be  a  good  indicator  of  cumulative  nutritional 
deficits  over  the  life  of  the  child  (WHO  working  group  1986).  Reduced  stature  may  also 
be  a  loose  indicator  of  micronutrient  deficiencies  since  children  with  macronutrient 
deficiencies  are  also  likely  to  have  deficits  in  vitamins  and  mineral  stores  (Schurch  1995, 
Pollitt  1995,  Suskind  et  al.  1990).  Other  factors  also  affect  growth  including  genetics, 
morbidity  and  even  intellectual  stimulation  (Pollitt  1995,  Sigman  et  al.  1989,  Super  et  al. 
1990).  Nevertheless,  height  is  often  the  best  available  proxy  and  is  used  in  most  studies. 
In  order  to  assess  whether  a  child’s  growth  is  appropriate  or  not,  a  child’s  height  must  be 
compared  to  a  reference  population.  The  comparison  population  used  comes  from  the 
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National  Center  for  Health  Statistics  study  (NCHS,  Hamill  et  al.  1979).  This  data  was 
collected  in  the  US  but  has  been  determined  to  be  an  appropriate  reference  population  for 
use  worldwide,  since  environmental  factors  appear  to  play  a  much  larger  role  than  ethnic 
background  in  determining  growth  (WHO  Bulletin  1986).  A  recent  study  in  Indonesia 
corroborates  the  cumulative  research  that  given  adequate  nutrition,  people  from  all  ethnic 
backgrounds  have  essentially  the  same  population  distribution  of  height.  In  this  study, 
high-income  children  in  Jakarta  were  found  to  be  even  slightly  above  the  NCHS 
reference  curves  for  height  and  weight  (Droomers  et  al.  1995).  We  have  used  height  in 
the  current  study  as  the  primary  measure  of  cumulative  nutritional  status  over  the  life  of 
the  child. 

Measuring  cognitive  and  developmental  skills  is  also  inherently  difficult.  Some  of  the 
problems  include  determining  what  aspects  of  the  immensely  complex  human  brain  to 
measure,  whether  the  measuring  tools  are  appropriate,  and  whether  the  factors  measured 
are  of  any  practical  significance  in  the  daily  lives  of  those  affected.  "Intelligence"  has 
been  the  most  widely  used  construct  in  attempting  to  measure  cognitive  skills. 

Intelligence  is  generally  defined  as  the  capacity  to  learn  from  experience  and  use  that 
knowledge  to  act  appropriately  in  the  world  (Connolly  and  Kvalsvig  1993).  Most  tests  of 
intelligence  are,  however,  strongly  culturally  loaded  and  are  biased  against  non-readers  or 
non-English  speaking  people  (Harrington  1985).  This  research  therefore  selected  a 
"culturally  reduced"  test  -  the  Test  of  Non-Verbal  Intelligence  (TONI-3,  Brown, 
Sherbenou  and  Johnsen  1982,  revised  1997).  This  IQ  test  is  carried  out  without  spoken 
language  and  uses  abstract  symbols  that  are  unlikely  to  have  inherent  meaning 
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(Harrington  1985).  The  TONI  has  been  used  in  numerous  cross-cultural  studies  and  has 
been  shown  to  be  less  culturally  biased  (Barrett  2000,Whortan  and  Morgan  1990). 

Results  from  the  TONI  correlate  highly  with  the  Wechsler  Intelligence  Scale  for  Children 
making  it  possible  to  compare  the  results  of  this  study  with  other  studies  that  have  used 
the  Wechsler  scale  (Wiederholt  and  Rees  1998).  However,  because  of  the  reduced 
cultural  bias,  the  TONI  is  a  more  appropriate  test  for  use  in  non-Westem  societies  and 
was  therefore  used  in  this  study. 

While  IQ  tests  clearly  measure  important  global  aspects  of  the  cognitive  abilities  of 
individuals,  IQ  tends  to  correlate  best  with  how  well  a  child  will  do  in  formal  schooling 
but  says  little  about  other  human  capacities.  Social  skills,  communication  skills,  daily 
living  skills  and  particularly  motor  skills,  may  be  equally  or  more  important  for  people 
who  practice  subsistence  agriculture  supplemented  with  hunting  and  gathering.  These 
skills  are  measured  by  the  Vineland  test  of  Adaptive  Behavior  Skills  (Sparrow,  Balia  and 
Cicchetti  1984).  Adaptive  behavior  is  loosely  defined  as  those  skills  necessary  for  social 
and  personal  sufficiency  (Sparrow,  Balia  and  Cicchetti  1984)  and,  as  expected,  is  not 
highly  correlated  with  IQ  as  these  are  different  domains  of  human  abilities  (Atkinson, 
1990,  Platt  et  al.  1991).  The  Vineland  was  originally  designed  to  look  at  adaptive 
behavior  skills  in  mentally  retarded  children  but  has  since  been  expanded  to  assess  long¬ 
term  developmental  outcomes  in  children  who  have  been  exposed  to  risks  such  as  being 
bom  pre-term,  having  an  extremely-low  birth  weight  or  being  raised  in  an  orphanage 
(McGuinness  et  al.  2000,  Carter  et  al.  in  prep.,  and  Rosenbaum  et  al.  1995).  Having  been 


malnourished  can  be  considered  a  similar  risk  factor.  Results  from  the  Vineland  are  also 
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comparable  to  other  studies  in  the  malnutrition  literature  that  have  used  other  measures  of 
development  such  as  the  Bayley  Mental  Development  Index  (Raggio,  Massingale  and 
Bass  1994).  The  Vineland  was  selected  in  addition  to  the  TONI-3  to  allow  for  a  broader 
exploration  of  potential  deficits  that  may  be  caused  by  malnutrition  and  because  it  has 
already  been  translated  into  Indonesian.  The  validity  of  the  Indonesian  translation  in 
terms  of  incremental  development  and  sufficient  variability  between  and  among  groups 
has  already  been  determined  as  well  (Tombokan-Runtukahu  and  Nitko,  1992). 

A  child's  cognitive  and  developmental  skills  are  not  only  affected  by  the  quantity  and 
quality  of  food  available  to  the  child  but  also  by  numerous  other  environmental  and 
genetic  influences.  While  some  of  these  factors  are  likely  to  be  relatively  universally 
important  (for  example,  schooling  and  genetic  influences),  other  environmental  variables 
may  be  culturally  specific.  Studies  from  children  who  have  been  adopted  and  who  have 
developed  malnutrition  secondary  to  disease  in  wealthier  nations,  suggest  that  the  human 
brain  is  remarkably  resilient  and  that  long-term  prognosis  depends  to  a  large  extent  on  the 
quality  of  the  subsequent  environment  (Grantham-McGregor  1993,  Guesry  1998).  Given 
enough  nutrition  and  psychosocial  stimulation  children  appear  to  be  able  to  essentially 
recover  completely.  However,  in  the  developing  world  children  generally  live  their  whole 
lives  in  disadvantaged  situations  where  the  stress  of  being  malnourished  on  top  of 
economic  and  social  risk  factors  may  result  in  a  long-term  adverse  impact  on 
development  (Lozoff  1989).  These  risk  factors  may  be  biologic  (parasitic  infections,  lead 
exposure,  anemia),  psychosocial  (poor  schooling,  minimal  parental  attention,  poor  health 
care)  and/or  economic  (Strupp  and  Levitsky  1995).  It  is  important  to  remember  as  well 
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that  the  environment  may  not  only  affect  the  development  of  a  child’s  mental  capacities 
but  is  also  likely  to  affect  a  child's  physical  growth.  It  is  thus  essential  that  environmental 
variables  are  measured  and  the  complex  interactions  between  the  environment,  physical 
growth  and  cognitive  and  developmental  skills  are  examined.  While  it  is  impossible  in  an 
observational  study  to  tease  out  direct  causal  pathways,  controlling  for  the  effect  of 
environmental  variables  will  add  to  the  understanding  of  the  association  between 
nutrition  and  cognitive  development. 

The  questions  of  whether  there  are  critical  periods  of  time  when  the  brain  is  particularly 
vulnerable  to  malnutrition  and  the  importance  of  the  length  of  malnutrition  have  rarely 
been  addressed  in  the  literature  (Levitsky  and  Strupp  1995,  Wachs  1995).  The  lack  of 
studies  is  largely  due  to  the  paucity  of  longitudinal  data  in  areas  where  malnutrition  is 
common.  Data  are  particularly  lacking  for  children  outside  of  the  6-month  to  2-year-old 
range  (Grantham-McGregor  1995).  The  negative  long-term  impact  of  malnutrition  may 
not  necessarily  be  due  to  direct  brain  damage  but  may  be  caused  by  decreased  acquisition 
of  information  during  the  period  of  malnutrition  (Strupp  and  Levitsky  1995).  It  is 
possible  that  children  who  are  malnourished  for  a  long  period  of  time  are  unable  to 
recover  but  that  children  who  are  malnourished  for  a  short  time  are  able  to  compensate 
later  on  regardless  of  when  the  malnutrition  occurred.  Evidence  from  animal  studies  has 
long  indicated  that  there  are  critical  periods  of  time  when  the  brain  is  more  vulnerable, 
but  the  applicability  of  this  research  to  the  human  brain  is  unclear  (Strupp  and  Levitsky 
1995,  Black  1998).  There  are  two  notable  exceptions  to  the  lack  of  literature  on  timing 
and  duration  of  malnutrition.  Sigman  et  al.  (1991)  found  that  Kenyan  children  who  had 
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been  stunted  at  17  and  30  months  had  marginally  decreased  cognitive  skills  at  five  years 
of  age.  Given  the  lack  of  comparison  studies,  we  chose  to  use  these  two  time  periods  (17 
and  30  months)  in  addition  to  time  periods  outside  of  the  6  months  to  2-year-old  age 
range.  A  recent  study  by  Mendez  and  Adair  (1999)  not  only  examined  the  effects  of 
timing  of  malnutrition  but  also  looked  at  how  persistence  of  malnutrition  in  the  first  two 
years  of  life  affects  cognitive  skills  in  Phillipino  children  at  ages  8  and  1 1.  These  two 
studies  provide  valuable  comparison  for  our  study,  which  was  able  to  examine  how  the 
timing  and  duration  of  malnutrition  during  the  first  five  years  of  life  effected  a  child’s 
cognitive  and  developmental  skills  at  age  7  or  8. 

The  specific  questions  addressed  in  this  research  can  be  summarized  as  follows: 

1)  Do  children  with  shorter  stature  at  age  7-8  years  old  have  reduced  cognitive 
and  developmental  skills  at  that  age? 

2)  What  is  the  effect  of  malnutrition  at  different  ages  (5,  17,  30  and  48  months) 
on  long-term  cognitive  and  developmental  skills? 

3)  Is  the  duration  of  malnutrition  negatively  associated  with  long-term  cognitive 
and  developmental  skills? 

4)  Are  measures  of  early  nutritional  status  (height,  duration  of  malnutrition,  and 
timing  of  malnutrition)  associated  with  long-term  cognitive  and 
developmental  skills  independent  of  confounding  environmental  factors  (eg. 
parental  IQ,  schooling  and  economic  factors)? 


METHODS 


Setting 

The  study  was  conducted  in  a  rural  area  of  West  Kalimantan,  Indonesia.  The  ethnic 
populations  are  Dyaks  of  three  different  language  groups  (ba-kati,  ba-nana,  and  ba-ahe). 
Most  people  live  in  extended  families  and  grow  rice.  Income  is  usually  supplemented  by 
other  products  such  as  natural  rubber,  vegetables,  livestock,  rain  forest  products  and/or 
handicrafts.  Villages  are  composed  of  tightly  packed  houses  that  are  surrounded  by  rice 
fields.  Approximately  half  of  the  villages  had  a  TV  that  was  run  off  of  a  generator  or  car 
battery  but  all  had  access  to  a  local  school.  In  this  culture  both  men  and  women  are  active 
participants  in  child  rearing.  The  area  was  selected  because  of  the  availability  of  long¬ 
term  childhood  weight  records  as  part  of  a  village-based  health  project  associated  with 
Bethesda  Mission  Hospital  and  because  this  is  an  area  where  malnutrition  is  common. 

Study  Population 

Children  who  were  bom  in  1991  and  had  taken  part  in  the  Village  Health  Project  (VHP) 
were  included  in  the  current  study.  The  VHP  enrolled  almost  all  children  ages  one  to  five 
in  approximately  20  villages.  Villages  were  visited  monthly  and  weights  recorded  on 
growth  charts  that  had  been  normed  to  Indonesian  growth  standards  (below  NCHS/WHO 
norms).  Charts  were  kept  by  mothers  between  visits  and  supplemental  weight  records 
were  kept  by  the  VHP  if  a  child’s  weight  fell  below  the  5th  percentile.  The  VHP  provided 
immunisations,  pre-natal  care,  Vitamin  A  supplements  (200,000  IU),  and  deworming 
medication  (Pyrantel  125  mg)  for  children  over  12  months  in  addition  to  interventions  for 
ill  or  under-weight  children.  Interventions  included  health  care  as  needed,  occasional 
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food  supplements  and  vitamin  supplements  (either  5  ml  of  a  liquid  multivitamin:  Vit  A 
600  IU,  B1  0.6  mg,  B2  0.2  mg,  B6  0.1  mg,  C  10  mg,  D  80mg,  Nicotinamide  2  mg, 
Calcium  Pantothenate  1  mg  or  a  multivitamin  tablet:  B1  1  mg,  B2  1  mg,  B6  1  mg, 
Nicotinamide  10  mg,  and  Ca-pantothenate  5  mg).  See  Figure  1  for  two  sample  growth 
charts. 


Figure  1:  Two  sample  growth  charts  with  some  gaps  in  months  weighed.  The  black 
line  represents  the  child's  weights  superimposed  on  Indonesian-normed  percentiles. 

Research  Design 

The  study  was  designed  to  sample  children  who  had  been  enrolled  in  the  VHP  and  who 
had  been  malnourished.  All  children  bom  in  1991  whose  weight  had  fallen  below  the  5th 
percentile  on  their  growth  charts  were  selected  for  the  study.  Controls  were  randomly 
selected  from  the  remaining  children  blocked  by  village.  Children  were  excluded  if  birth 
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dating  was  inconsistent.  Interviews  were  conducted  in  July  and  August  of  1999  when  the 
children  were  seven  or  eight  years  old.  Interviewers  (first  author  and  one  Indonesian 
assistant)  were  blinded  to  the  nutritional  history  of  the  child.  If  a  child  had  moved  or  was 
otherwise  unavailable,  the  village  was  revisited  and  another  attempt  was  made  to  contact 
the  child.  Visits  were  made  during  the  normal  monthly  trip  by  the  VHP  when  families 
were  already  assembled.  The  study  was  explained  in  Indonesian  to  all  of  the  people 
present  by  a  long-term  member  of  the  VHP  and  in  the  native  language  by  an  assistant 
who  spoke  all  three  of  the  local  languages.  Study  children  and  their  families  were 
identified  and  cognitive  tests  were  conducted  in  the  homes  of  individual  families.  Oral 
consent  was  obtained  after  the  study  design,  risks  involved  and  use  of  the  data  was 
explained  in  both  Indonesian  and  the  local  language.  The  research  design  was  approved 
by  the  human  investigations  committee  at  Yale  University.  The  sample  size  needed  was 
calculated  in  advance  by  using  a  beta  error  of  0.20. 

Cognitive  Test:  IQ 

The  third  revision  of  the  Test  of  Nonverbal  Intelligence  (TONJ-3  Brown,  Sherbenou  and 
Johnsen,  1982,  revised  1997)  was  used  to  evaluate  IQ  in  the  study  children  and  their 
parents.  The  test  is  carried  out  by  determining  which  is  the  best  relationship  among 
several  abstract  figures.  On  each  card  the  respondent  is  asked  to  identify  which  object 
from  those  offered  should  be  used  to  meaningfully  complete  the  set.  It  is  necessary  to 
apply  different  rules  at  different  times,  including  matching,  addition,  subtraction, 
alteration  or  progressions  (Harrington,  1985).  The  test  can  be  used  to  test  both  children 
and  adults  as  it  increases  in  complexity  and  is  stopped  when  a  respondent  misses  3  out  of 


5  responses.  There  is  no  time  limit  per  item  and  there  is  an  example  section  where 
respondent  can  ask  questions.  See  Figure  2  for  two  sample  items. 
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Figure  2:  An  easy  and  moderately  difficult  item  from  the  TONI-3  IQ  test. 

The  raw  scores  on  the  TONI-3  IQ  test  (number  of  correct  answers)  were  converted  to 
deviation  quotients  that  correct  for  the  age  of  the  respondent  and  indicate  the  score’s 
distance  from  the  mean  of  the  normed  population. 

Test  of  Adaptive  Behavior:  Vineland 

Adaptive  behavior  skills  were  tested  with  the  Vineland  Adaptive  Behavior  Skills  test 
(Sparrow,  Balia  and  Cicchetti,  1984).  The  Indonesian  translation  of  the  Vineland  Survey 
Form  (Tombokan-Runtukahu  and  Nitko,  1992)  was  used  which  consists  of  four  domains 
that  assess  different  aspects  of  a  child’s  behavior:  motor,  social,  communication  and  daily 
living  skills.  The  test  does  not  measure  what  a  child  is  capable  of,  but  rather  what  a  child 


is  actually  doing  in  their  daily  lives.  The  Vineland  is  administered  as  a  semi-structured 
interview  that  is  carried  out  with  someone  who  is  intimately  knowledgeable  about  the 
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behaviors  of  the  child.  In  this  study  all  the  informants  were  people  who  lived  in  the  same 
household  as  the  child  (majority  mothers).  All  interviews  were  conducted  in  the  native 
language  of  the  informant  by  the  same  Dyak  interviewer  who  was  trained  by  the  first  and 
fourth  author.  Activities  were  scored  by  the  first  author  (0-2)  based  on  the  frequency  or 
skill  that  the  activity  was  performed  (a  score  of  2=“usually  performs  the  task”, 
l=“sometimes  or  partially”  and  0=“never  does  the  task”).  Certain  questions  were  altered 
to  make  them  more  culturally  applicable.  For  example,  skilled  use  of  fingers  to  eat  with 
(utilizing  the  proper  social  method)  was  scored  the  same  as  skilled  use  of  a  spoon  or  fork, 
and  drawings  in  the  dirt  were  scored  the  same  as  drawings  with  a  pencil  or  pen.  Some  of 
the  questions  in  the  communication  section  relating  to  reading  and  writing  skills  were  not 
asked  because  very  few  of  the  children  could  read  or  write.  Questions  relating  to  oral 
communication  were  maintained.  The  remaining  communication  questions  were  included 
in  analyses  of  a  child’s  composite  score  on  the  Vineland  but  were  not  analysed  separately 
as  a  subtest.  Raw  scores  were  used  in  all  analyses. 

Estimates  of  previous  nutritional  status: 

The  heights  and  weights  of  all  children  were  measured  at  the  time  of  the  study  when 
children  were  age  7  or  8.  Standing  height  was  measured  with  a  steel  tape  to  the  nearest 
centimeter  (barefoot).  Weights  were  determined  by  having  the  child  sit  in  a  sling  off  of  a 
steel  balance  scale.  These  were  the  same  scales  that  had  been  used  to  weigh  the  children 
monthly  during  their  first  five  years  of  life  (the  same  type  of  scale  was  provided  to  all 
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villages  by  the  VHP).  Two  observers  verified  the  weight,  which  was  measured  to  the 
nearest  0. 1  kg.  Growth  charts  with  the  child’s  weight  during  their  first  five  years  of  age 
were  borrowed  from  the  families  who  still  had  the  charts.  The  charts  were  photocopied 
and  returned.  Weights  were  crosschecked  and  supplemented  with  a  review  of  the  VHP 
documentation. 

Heights  and  weights  were  converted  to  height-for-age  z-scores  (HAZ)  and  weight-for-age 
z  scores  (WAZ)  which  compares  the  actual  value  to  the  gender  and  age  matched  National 
Center  for  Health  Statistics  (NCHS)  reference  standard  (actual  height  or  weight  - 
expected  height  or  weight  at  50th  percentile  based  on  reference  data /  SD  reference  data  at 
that  age).  The  WAZ  at  5,  17,  30  and  48  months  were  used  to  assess  the  effect  of  timing  of 
malnutrition.  If  the  child  was  not  weighed  exactly  at  the  target  month  the  closest 
weighing  +  2  months  was  selected  with  the  weight  later  in  time  preferentially  selected. 
HAZ  and  WAZ  were  all  approximately  normally  distributed  and  were  analyzed  as 
continuous  variables.  Duration  of  malnutrition  was  determined  by  dividing  the  total 
number  of  months  a  child’s  weight  fell  below  the  5th  percentile  for  NCHS  reference  data 
by  the  total  number  of  months  a  child  was  weighed.  Some  children  were  weighed  nearly 
every  month  out  of  the  59  possible  months  but  others  had  significant  gaps  (mean 
proportion  of  missed  weightings=0.30,  SD=0.21,  see  Figure  1).  The  duration  of 
malnutrition  factor  was  categorized  into  three  levels  (>95%,  80-95%,  and  <80%). 

Environmental  Factors 

A  survey  questionnaire  was  designed  to  ask  about  relevant  social  and  economic  factors. 
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Variables  frequently  measured  in  other  studies  were  included  as  well  as  variables  which 
local  informants  felt  were  culturally  relevant.  Families  were  asked  about  their  economic 
situation  (rice  production,  livestock  owned,  and  other  sources  of  income)  and  family 
demographics  (number  of  children  and  adults  living  in  the  house,  number  of  births  and 
deaths  in  the  family).  Families  were  also  asked  about  factors  that  may  have  influenced 
the  focal  child's  development  (years  of  nursing,  who  cared  for  the  child,  frequency  of 
illness,  school  attendance  by  the  child,  parental  school  attendance,  how  often  the  child 
had  traveled  outside  the  village,  church  attendance,  and  frequency  of  paternal  gambling 
and  alcohol  consumption).  See  Appendix  1  for  the  specific  questions  asked.  At  the  time 
of  the  study,  each  family’s  house  was  also  put  in  one  of  four  categories  which  took  size 
and  materials  used  in  construction  into  account.  This  variable  served  as  an  objective 
criterion  that  could  be  compared  to  the  self-report  of  economic  assets.  Parental  IQ  was 
also  measured.  While  this  is  technically  both  an  environmental  and  a  genetic  factor,  it  is 
referred  to  below  as  one  of  the  environmental  factors. 

For  the  analyses,  the  environmental  data  were  managed  in  the  following  ways.  A 
composite  economic  score  was  created  which  included  rice  production,  rubber 
production,  extra  sources  of  income,  and  livestock  value.  The  standard  market  price  per 
kilogram  was  used  to  give  an  economic  value  to  the  subsistence  products  produced  and 
this  was  added  to  the  value  of  cash  from  rubber  and  other  sources  of  income.  Local 
informants  helped  give  a  standard  estimate  for  weight  of  livestock,  conversions  from 
local  weight  measures  to  kilograms,  and  the  average  number  of  days  rubber  can  be  cut 
per  year.  A  composite  parental  schooling  variable  was  created  which  was  either  the  mean 
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number  of  both  parents’  years  in  school,  or  only  one  parent's  years  if  data  were  not 
available  for  one  parent.  This  data  reduction  was  proposed  because  of  the  strong 
association  between  the  number  of  years  that  each  parent  spent  in  school  (r=0.70, 
p<0.0001  maternal:  mean=3.4,  SD=3.2,  N=88,  paternal:  mean=5.3,  SD=3.2,  N=86, 
range=0-12).  Similarly  a  composite  parental  IQ  score  was  created  as  maternal  and 
paternal  IQ  scores  were  significantly  correlated  with  each  other  (maternal  mean=66.7, 
SD=5.8,  N=69,  paternal  mean=67.6,  SD=6.1,  N=43,  r=0.49,  p=0.0064).  This  variable 
was  coded  as  a  continuous  variable.  All  of  the  responses  to  the  other  questions  about 
environmental  factors  were  divided  into  two  or  three  categories  (see  Table  3). 

Data  Analysis 

Bivariate  Analyses 

All  statistical  analyses  were  done  with  the  statistical  package  JMP  3.2.1  (1997).  For 
variables  that  were  skewed  both  parametric  analyses  and  non-parametric  analyses  were 
used.  If  the  results  from  both  analyses  were  the  same,  only  the  parametric  result  is 
reported  in  the  text.  For  non-parametric  analyses,  the  Kendall  rank  correlation  coefficient 
was  used  as  it  is  more  appropriate  with  smaller  sample  sizes  (Jekel,  Elmore,  and  Katz, 
1996).  Pearson  correlation  coefficients  were  used  for  parametric  analyses.  T-tests  or 
ANOVA’s  were  used  to  compare  continuous  variables  to  a  factor  variable. 

Multivariate  Analyses 

In  order  to  test  whether  there  was  an  independent  effect  of  previous  nutritional  status  on 
IQ  and  adaptive  behavior  when  the  influence  of  the  environmental  factors  was  taken  into 
account,  standard  least  squares  multivariate  regression  models  were  used.  As  there  were 
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too  many  variables  to  include  all  possible  environmental  factors  in  the  model  and  the 
sample  size  was  relatively  small,  a  bivariate  screen  was  first  done  to  select  variables  that 
were  likely  to  be  clinically  relevant.  Variables  were  selected  for  inclusion  in  the 
multivariate  model  if  they  accounted  for  at  least  5%  of  the  variation  in  cognitive  skills  in 
the  bivariate  screen.  These  environmental  factors  were  entered  into  a  base  model  and  the 
R2  of  that  base  model  determined.  Estimates  of  previous  nutritional  status  (HAZ,  duration 
or  timing  of  malnutrition)  were  added  to  the  base  model  to  determine  the  change  in  R2.  A 
change  of  >10%  in  the  R“  from  the  base  model  was  considered  indicative  of  a  meaningful 
independent  effect  of  the  variable  added.  Given  the  sample  size  constraint  only  simple 
non-interactive  terms  were  entered  in  the  models.  The  above  method  of  analysis  assumes 
that  environmental  factors  and  malnutrition  are  independent  mediators  of  cognitive  and 
developmental  outcomes.  We  are  aware,  however,  that  the  direction  of  causality  can  not 
always  be  known  (see  discussion).  Stepwise  regressions  were  also  run  to  examine  which 
variables  explained  the  greatest  amount  of  variation  in  cognitive  skills.  These  regressions 
were  run  in  both  the  forward  direction  and  mixed  forward  and  backward  direction.  The 
probability  to  enter  was  set  to  0.25  and  probability  to  remove  a  variable  was  0.10.  The 
level  of  alfa  used  for  statistical  significance  was  0.5,  although  variables  with  a 
significance  level  of  0.1  are  also  included  in  the  results  tables. 

Details  of  Collaboration 

The  study  was  conceived  by  K.  Webb  and  all  background  research  was  completed  by  her. 
Dr.  S.  Sparrow  provided  advice  in  detennining  the  correct  cognitive  and  developmental 
tests  to  be  used.  Field  work  was  completed  in  Indonesia  by  K.  Webb.  Dr.  P.  Geary 


helped  in  the  development  of  the  socio-economic  survey  and  in  the  training  of  an 
Indonesian  assistant.  Dr.  D.  Katz  and  Dr.  N.  Horton  provided  advice  about  statistical 
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analyses  and  all  authors  contributed  to  the  conceptualization  of  ideas  and  write-up. 

RESULTS 

Sample  Obtained 

A  total  of  92  children  who  were  bom  in  1991  and  had  been  weighed  during  their  first  five 
years  of  life  were  re-contacted  for  the  current  study.  These  children  ranged  in  age  from 
7.6  yrs  to  8.6  yrs  old  (Mean  8.1  yrs,  SD=0.28)  and  were  distributed  in  22  villages  (range 
1-13  children/village).  The  mean  height  of  the  children  was  1 1 1  cm  (SD=5.7,  N=90)  and 
the  mean  height  for  age  z-score  (HAZ)  was  -3.6  (range  -1.2  to  -6.8).  At  age  7-8  years, 
91%  of  this  sample  were  below  -2  SD  for  height  which  is  the  cut-off  value  that  the  World 
Health  Organization  uses  as  suggestive  of  a  history  of  moderate  undemutrition  and  of 
those  66%  were  below  -3  SD  which  suggests  a  history  of  severe  malnutrition. 

Thirty  eight  of  the  92  families  still  had  the  focal  child's  growth  charts  with  weights 
recorded  monthly  up  to  age  five.  There  was  no  statistically  significant  difference  in  terms 
of  parental  IQ,  parental  schooling,  children's  IQ,  children's  schooling,  economic  assets,  or 
gender  in  families  with  charts  vs.  those  without.  The  timing  of  malnutrition  was  assessed 
by  looking  at  the  WAZ  at  5,  17,  30,  and  48  months.  Children  tended  to  be  mildly 
malnourished  at  5  months,  become  dramatically  malnourished  by  17  months  and  then 
slowly  become  relatively  less  malnourished  compared  to  the  reference  population  up 
through  age  4  years  and  even  up  7  to  8  years  old  (see  Table  land  Figure  3).  Neither 
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height  nor  weight  varied  significantly  by  gender  and  thus  the  data  were  grouped  for 
analysis. 


Table  1:  Physical  measures  for  male  and  female  children. 


Females  Males 

Physical  measure 

Mean  z  score  (SD) 

N 

Mean  z  score 
(SD) 

N 

HAZ  at  age  7-8  yrs 

-3.5  (1.0) 

48 

-3.8  (1.4) 

44 

WAZ  at  5  months 

-1.3(1. 1) 

17 

-1.2  (1.3) 

14 

WAZ  at  17  months 

-3.1  (1.1) 

19 

-3.7  (1.3) 

15 

WAZ  at  30  months 

-3.2  (0.9) 

20 

-3.3  (1.0) 

16 

WAZ  at  48  months 

-2.1  (0.8) 

21 

-2.6  (0.9) 

13 

WAZ  at  age  7-8  yrs 

-1.6  (0.5) 

47 

-1.6  (0.5) 

43 

WAZ=weight-for-age  z-score.  HAZ=height-for-age  z-score.  Z-score  transformations  use  NCHS  reference 


data. 
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Figure  3:  Distributions  of  z-scores  for  a  child’s  weight  at  selected  ages. 

Each  section  of  the  results  that  follows,  addresses  one  of  the  five  research  questions  listed 
in  the  introduction. 


Is  height-for-age  associated  with  IQ  and  adaptive  behavior? 

The  children's  IQ  scores  were  mildly  skewed  to  the  right  and  thus  both  parametric  and 
non-parametric  analyses  were  done.  The  mean  IQ  score  for  the  children  was  73.6 
(SD=4.6,  N=85)  and  IQ  scores  did  not  vary  significantly  by  gender  (see  Figure  4  for 


distribution  of  IQ  scores). 
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Figure  4:  Distribution  of  children’s  IQ  scores. 

HAZ  was  positively  correlated  with  TONI-3  IQ  scores  (r=0.28,  p=0.01,  N=85);  ie.  taller 
children  tended  to  score  better  on  the  IQ  test  than  shorter  children.  See  Figure  5. 


Figure  5:  A  child’s  height-for-age  z-score  vs.  their  IQ  scores. 

Vineland  scores  did  not  vary  by  gender  except  for  the  motor  skills  subtest  where  boys 
performed  significantly  better  than  girls  (r=0.20,  p=0.02).  However  as  gender  accounted 
for  only  a  small  percentage  of  the  variation,  analyses  were  not  stratified  by  gender. 
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Shorter  children  were  found  to  not  score  as  well  on  the  composite  Vineland  (includes 
motor,  daily  living,  communication  and  social  skills  subsections,  r= 0.2,  p=0.05,  N=90). 
This  association  was  driven  by  negative  interactions  between  HAZ  and  the  motor  skills 
subsection  (r=0.24,  p=0.025,  N=90)  and  by  negative  associations  between  HAZ  and  daily 
living  skills  (r=0.22,  p=0.04,  N=90).  Shorter  children  were  not  as  skilled  motorically  and 
had  poorer  daily  living  skills.  There  was  no  association  between  HAZ  and  social  skills. 


Is  the  timing  of  malnutrition  associated  with  IQ  and  adaptive  behavior? 

The  child's  WAZs  at  5,  17,  30  and  48  months  were  compared  to  the  child's  IQ  at  age  7  or 
8.  The  child’s  IQ  was  found  to  be  significantly  associated  with  the  weight  of  the  child  at 
age  17  and  30  months  (r=0.41,  p=0.02,  N=30  and  r=0.43,  p=0.02,  N=32),  almost 
significant  at  48  months  (r=0.3,  p=0.08,  N=31),  and  not  significant  at  5  months  (r=0.20, 
p=0.33,  N=27).  IQ  scores  were  also  found  to  be  higher  in  children  who  weighed  more  at 
the  time  the  IQ  test  was  done  (age  7-8  years  old).  See  Table  2. 


Table  2:  Relationship  between  WAZ  and  a  child’s  IQ  scores. 


WAZ  at  5 
months 

WAZ  at  17 
months 

WAZ  at  30 
months 

WAZ  at  48 
months 

WAZ  at  age  7- 
8  years 

IQ  scores 
at  7-8  yrs 

0.20 

0.41* 

0.42* 

0.30 

0.27* 

Values  reported  are  r  values,  *p=<0.05 


When  the  WAZ  at  5,  17,  30,  and  48  months  were  compared  to  the  composite  adaptive 
behavior  scores  it  was  found  that  children  who  weighed  more  at  48  months  had  higher 
composite  scores  (r=0.37,  p=0.03,  N=33).  This  association  was  driven  by  slight  increases 
in  motor  skills  and  daily  living  skills  although  these  were  not,  on  their  own,  significant. 
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Is  the  duration  of  malnutrition  associated  with  IQ  and  adaptive  behavior? 

Of  the  37  children  with  charts,  eleven  children  had  weights  below  the  5th  percentile  >95% 
of  the  times  they  were  weighed  before  age  five,  thirteen  had  weights  below  the  5th 
percentile  between  80  and  95%  of  the  time  and  another  thirteen  had  weights  below  the  5th 
percentile  less  than  80%.  A  child’s  IQ  at  age  7-8  was  found  to  be  negatively  associated 
with  the  duration  of  malnutrition  (ANOVA:  F(2,30)=4.15,  p=0.02),  ie.  children  who  were 
malnourished  for  a  longer  period  of  time  did  not  score  as  well  on  the  IQ  test.  See 
Figure  6. 


Duration  of  malnutrition 

Figure  6:  Duration  of  malnutrition  vs.  a  child’s  IQ.  The  central  line  represents  the 
group  mean,  the  height  of  the  diamond  is  the  95%  confidence  intervals  and  the 
width  represents  the  group  sample  size. 

Composite  Vineland  scores  and  the  subtests  were  not  found  to  be  significantly  associated 
with  the  duration  of  malnutrition  although  there  was  a  trend  towards  decreasing  motor 
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skills  with  increasing  duration  of  malnutrition  (ANOVA:  F(2,33)=2.86,  p=0.07). 

Which  environmental  factors  are  associated  with  IQ  and  adaptive  behavior 
in  bivariate  analyses? 

Results  from  the  survey  questionnaire  can  be  found  in  Table  3  (see  Appendix  1  for 
survey  questions).  Variable  were  divided  into  either  two  or  three  categories. 


Table  3:  Summary  of  Results  from  Questionnaire. 


Environmental  Factor  in  Survey 
(N) 

Categories 

Percent  in 
category 

Child's  School  Attendance  (91) 

Never  attended  school 

54 

Attended  some  school 

46 

Parental  School  Attendance  (89) 

1-3  years 

42 

4-6  years 

33 

7-12  years 

25 

Economic  Assets  (85) 

<3,000,000  Rp/yr 

32 

3,000,000-9,000,000 

44 

>9,000,000 

24 

Number  of  Children  in  Household 

1-3  Children 

35 

(91) 

4-6  Children 

65 

Number  of  Adults  in  Household  (91) 

1-2  Adults 

61 

3-8  Adults 

39 

Travel  outside  village  (90) 

<3  times  in  lifetime 

37 

>3  times  in  lifetime 

63 

TV  viewing  (90) 

Never 

24 

Sometimes  to  often 

76 

Left  at  home?  (90) 

Usually  left  at  home 

43 

Usually  taken  to  rice  field 

57 

Left  with  whom?  (91) 

Child  under  age  12 

30 

Child  over  12  or  an  adult 

70 

Age  to  which  child  was  nursed  (88) 

Nursed  age  0  to  1 

26 

Nursed  age  1.1-2 

32 

Nursed  >2  years 

42 

Frequency  of  Illness  (90) 

Frequent 

38 

Occasionally-Seldom 

62 

Church  Attendance  (90) 

Weekly 

52 

Less  Often-Never 

48 

Paternal  Alcohol  Consumption  (89) 

Frequent-  daily 

75 

Occasionally  to  Seldom 

25 

Paternal  Gambling  (89) 

Frequent 

57 

Only  at  holidays  to  Never 

43 

Children  Bom  in  Family  (90) 

1-6  births 

59 

7-13  births 

41 

Childhood  Deaths  in  Family  (90) 

0  deaths 

47 

1-7  deaths 

53 
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First  bivariate  analyses  were  used  to  determine  which  environmental  factors  accounted 
for  five  percent  or  more  of  the  variation  in  IQ  and  adaptive  behavior  (see  methods).  The 
results  from  this  bivariate  screen  can  be  found  in  Table  4.  Children  who  had  attended 
school  had  higher  IQs  and  higher  adaptive  behavior  scores  (both  composite  and  by  each 
subtest).  Parental  IQ  was  right  skewed  and  thus  both  parametric  and  non-parametric 
analyses  were  done.  Mean  parental  IQ  scores  were  66.7  (SD  5.2,  N=69).  See  Figure  7  for 
the  distribution  of  parental  IQ. 


60  65  70  75  80  85  90 

Figure  7:  Distribution  of  parental  IQ  scores. 

Parental  IQ  was  positively  correlated  with  a  child’s  scores  on  the  IQ  test  (r=0.5, 
p=<0.0001)  and  composite  Vineland  scores  (r=0.25,  p=0.02,  N=82).  In  parametric 
analyses  daily  living  skills  were  significantly  associated  with  parental  IQ  (r=0.22, 
p=0.04,  N=82)  but  not  in  non-parametric  analyses  (tau= 0.12,  p=0.12).  Parents  with  more 
schooling  had  children  with  higher  IQs  and  there  was  a  trend  towards  more  parental 
schooling  increasing  a  child’s  composite  adaptive  behavior  skills  (r=0.25,  p=0.06,  N=89). 
Children  from  families  with  more  assets  scored  better  on  the  IQ  test  but  there  was  no 
association  with  adaptive  behavior.  In  households  with  more  than  three  other  children, 
the  focal  child  did  not  score  as  well  on  composite  adaptive  behavior,  motor  skills  or  daily 
living  skills.  Daily  living  skills  were  significantly  higher  for  children  who  traveled 
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outside  the  village  more  than  3  times,  and  who  attended  church  more  often.  Children  that 
did  not  watch  any  TV  had  higher  IQ  scores  than  those  who  watched  some  TV  every 
week.  See  Table  4. 


Table  4:  Correlation  between  environmental  factors  and  IQ  and  adaptive  behavior. 


Environmental 

Factors 

Child’s  IQ 
scores  (N) 

Composite 
VABS  score 

Motor  Skills 
Subtest 

Daily  Living 
Skills  Subtest 

Social  Skills 
Subtest 

Child’s  Schooling 

0.22*  (84) 

0.36*  (90) 

0.25*  (90) 

0.32**  (90) 

0.25*  (90) 

Parental  IQ 

0.50***(75) 

0.25*  (82) 

0.22*  (82) 

Parental 

Schooling 

0.37**  (82) 

0.25  (89) 

Economic  Assets 

0.28*  (78) 

0.25  (85) 

Children  in  house 

-  0.32**  (90) 

-  0.27*  (90) 

-  0.36***  (90) 

TV  watching 

-  0.25*  (83) 

Travel  outside 
Village 

0.25*  (90) 

Church 

Attendance 

0.20  (90) 

0.22*  (90) 

Illness  frequency 

0.17  (90) 

*p=<0.05,  **p=<0.01  ***p=<0.001  Values  given  are  rvalues.  Blank  cells  indicate  relationships  with  a  p- 
value  greater  than  0.10. 


Which  environmental  factors  are  associated  with  physical  development  in 
bivariate  analyses? 

Bivariate  associations  between  the  estimates  of  previous  nutritional  status  and  the 
environmental  factors  were  also  examined.  Parents  who  scored  higher  on  the  IQ  test  were 
found  to  have  children  that  were  significantly  taller  (r=0.36,  p=0.004,  N=82,  see  Figure 
8).  In  parametric  analyses  WAZs  were  not  found  to  be  significantly  associated  with 
parental  IQ  but  in  non-parametric  analyses  WAZ  at  30  months  was  significantly 
associated  with  parental  IQ  {tau= 0.28,  p=0.04).  In  contrast,  increased  parental  schooling 
was  not  associated  with  a  child’s  height  (r=0.14,  p=0.36,  N=89)  or  weight  at  any  of  the 
time  periods  measured.  Children  who  attended  school  later  in  life  were  significantly 
heavier  at  17  and  48  months  (trend  in  same  direction  at  30  months)  and  were  taller. 
Children  who  were  reported  to  have  been  frequently  ill  were  also  more  likely  to  be  have 
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decreased  HAZs  (r=0.22  p=0.04,  N=82).  The  trend  was  in  the  same  direction  for  WAZ  at 
all  previous  time  periods  but  none  of  these  associations  were  significant.  Unexpectedly, 
families  with  middle  incomes  were  found  to  have  children  who  were  taller  and  weighed 
more  at  17,  30,  and  48  months  than  families  with  either  high  incomes  or  low  incomes. 
Paternal  alcohol  consumption  (frequently  vs.  less  often)  was  found  to  negatively  affect 
the  weight  of  children  at  all  time  points  assessed.  There  was  also  a  trend  towards 
decreased  height  in  children  of  father’s  with  frequent  alcohol  consumption  (r=0.20 
p=0.07,  N=89)  but  this  was  not  significant.  Duration  of  malnutrition  was  not  significantly 
associated  with  any  of  the  environmental  factors.  Table  5  displays  these  results. 


Table  5:  Relationship  between  environmental  factors  and  estimates  of  previous 
nutritional  status. 


Environmental 

Factors 

HAZ  (N) 

WAZ  at  5 

months 

WAZ  at  17 
months 

WAZ  at  30 
months 

WAZ  at  48 
months 

Parental  IQ 

0.36***  (82) 

Child  Schooling 

0.36***  (91) 

0.36*  (34) 

0.46**  (33) 

Economic  Assets 

0.28*  (85) 

0.47*  (32) 

0.51*  (33) 

0.62**  (32) 

Frequency  of 
Illness 

-  0.22*  (90) 

Paternal  alcohol 
consumption 

0.20  (89) 

-  0.40*  (30) 

-  0.35*  (33) 

-  0.36*(34) 

-  0.35*  (32) 

Births  in  Family 

-0.35  (31) 

Travel  outside 
village 

0.20  (90) 

0.30(31) 

0.28  (34) 

0.31  (33) 

*p=<0.05,  **p=<0.01  ***p=<0.001  Values  given  are  rvalues.  Blank  cells  indicate  relationships  with  a  p- 
value  greater  than  0.10. 
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Figure  8:  A  child's  HAZ  compared  to  their  parent's  IQ. 

Does  HAZ  independently  influence  IQ  and  adaptive  behavior  when 
environmental  factors  are  controlled  for? 

Multivariate  analyses  were  then  run  to  control  for  the  effects  of  the  environmental 
variables.  Models  were  created  to  test  whether  each  of  the  estimates  of  previous 
nutritional  status  meaningfully  influenced  IQ  and  adaptive  behavior  (both  composite 
scores  and  by  subtest)  when  the  other  environmental  factors  were  included  in  the  model. 
We  note  again  here  that  the  direction  of  causality  may  not  be  unidirectional  (see 
discussion).  Results  are  summarized  in  Table  6,  7  and  8. 

The  first  analysis  looked  at  the  effect  of  HAZ  on  a  child’s  IQ  when  environmental 
variables  are  controlled  for.  A  standard  multivariate  least  squares  model  was  created 
which  included  the  environmental  variables  that  accounted  for  5%  of  the  variation  in  IQ 
in  bivariate  analyses.  These  were:  parental  IQ,  parental  schooling,  whether  a  child  had 
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ever  attended  school,  whether  a  child  watched  TV,  and  economic  assets  (see  Table  4, 
column  1).  The  child's  HAZ  was  added  to  this  model  to  determine  the  change  in  R2.  If  the 
change  was  greater  than  10%  the  added  variable  was  considered  to  have  an  meaningful 
independent  effect.  In  this  analysis,  the  R"  did  not  change  at  all  (HAZ  p=0.86,  see  Table 
6).  Since  parental  IQ  is  rarely  measured  in  other  studies,  the  same  analyses  were  also 
conducted  without  this  factor.  It  was  found  that  HAZ  still  did  not  independently  influence 
IQ  (change  in  R2  =5%,  HAZ  p=0.29). 

A  similar  analysis  was  carried  out  to  determine  whether  there  is  an  independent 
association  between  HAZ  and  adaptive  behavior.  The  base  multivariate  model  for 
composite  Vineland  scores  included  the  following  environmental  variables:  parental  IQ, 
whether  or  not  a  child  had  attended  school  and  how  many  children  there  were  in  the  same 
house  (see  Table  4  column  3).  With  the  addition  of  HAZ  the  R^  value  increased  by  only 
3%  (HAZ  p=0.49).  With  motor  skills  as  the  outcome  variable,  the  environmental  factors 
incorporated  in  the  base  model  included  whether  or  not  a  child  had  attended  school  and 
the  number  of  children  in  the  house.  Adding  HAZ  increased  the  R2  value  by  24% 
suggesting  an  independent  influence  of  HAZ  on  motor  skills  (HAZ  p=0.13).  For  daily 
living  skills  the  following  environmental  factors  were  controlled  for:  whether  a  child 
attended  school,  parental  IQ,  the  number  of  children  in  the  house,  whether  a  child 
attended  church  weekly,  and  whether  the  child  had  traveled  outside  the  village  more  than 
3  times.  The  child’s  HAZ  did  not  have  a  meaningful  independent  effect  on  daily  living 


skills  in  this  analysis.  See  Table  6. 
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Table  6:  Results  from  regression  analyses  on  the  effects  of  height  on  IQ  and 
adaptive  behavior  when  environmental  factors  are  controlled  for. 


Outcome  Variable  (N) 

R2  of  base  model  with 
environmental  factors 
included. 

R2  of  model  with  HAZ 
added 

Percent  change  from 
base  model. 

IQ  (71) 

0.416 

0.416 

0% 

Composite  Adaptive 
Behavior  (90) 

0.178 

0.185 

4% 

Motor  Skills  (90) 

0.102 

0.126 

24% 

Daily  Living  Skills  (90) 

0.239 

0.261 

4% 

Does  timing  of  malnutrition  independently  influence  IQ  and  adaptive 
behavior  when  environmental  factors  are  controlled  for? 

The  child’s  WAZ  at  17  and  30  months  were  significantly  correlated  with  the  child’s  IQ  in 

bivariate  analyses.  In  order  to  determine  if  this  association  was  independent  of  other 

environmental  factors,  a  standard  multivariate  least  squares  base  model  was  fit  that 

included  parental  IQ,  whether  or  not  a  child  had  attended  school,  and  economic  assets. 

These  were  the  environmental  factors  that  accounted  for  5%  of  the  variation  in  IQ  in  the 

subset  of  children  with  charts.  With  the  addition  of  the  child’s  weight  at  either  17  or  30 

months  to  the  base  model  the  R'  increased  by  only  3%  in  both  cases.  See  Table  7. 

The  child's  WAZ  at  48  months  was  associated  with  composite  VABS  scores  in  the 
bivariate  analyses.  The  environmental  factors  controlled  for  included  school  and  church 
attendance  as  these  were  the  factors  that  accounted  for  five  percent  of  the  variation  in 
composite  Vineland  scores  for  the  subset  of  children  with  charts.  With  the  addition  of 
WAZ  at  48  months  the  R2  increased  by  20%  suggesting  an  independent  association 


(WAZ  p=0.15).  See  Table  7. 
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Table  7:  Results  from  regression  analyses  on  the  effects  of  timing  of  malnutrition  on 
IQ  and  adaptive  behavior  when  environmental  factors  are  controlled  for. 


Outcome 
Variable  (N) 

R2  of  base 
model  with 

environmental 

factors 

included 

R2  of  model 
with  WAZ  at 

17  months 

added 

R2  of  model 
with  WAZ  at 

30  months 

added 

R2  of  model 
with  WAZ  at 

48  months 

added 

Percent 
change 
from  base 

model. 

IQ  (28) 

0.38 

0.39 

3% 

IQ  (29) 

0.41 

0.42 

3% 

Composite 
Adaptive 
Behavior  (33) 

0.27 

0.32 

20% 

Does  duration  of  malnutrition  independently  influence  IQ  when 
environmental  factors  are  controlled  for? 

Duration  of  malnutrition  was  significantly  associated  with  a  child’s  IQ  but  not  with 
adaptive  behavior  scores  in  the  bivariate  analyses.  When  the  effects  of  parental  IQ,  a 
child’s  schooling  and  economic  assets  were  controlled  for  there  was  no  independent 
effect  of  duration  of  malnutrition.  See  Table  8. 


Table  8:  Results  from  regression  analyses  on  the  effects  of  duration  of  malnutrition 
on  IQ  when  environmental  factors  are  controlled  for. 


Outcome  Variable  (N) 

R2  of  base  model  with 
environmental  factors 

included 

R2  of  model  with 
duration  of 
malnutrition  added 

Percent  change  from 
base  model. 

IQ  (30) 

0.42 

0.45 

7% 

Which  environmental  factors  independently  influence  IQ  and  adaptive 
behavior  in  multivariate  analyses? 

Stepwise  regressions  were  run  to  see  which  of  the  environmental  or  anthropometric 
variables  best  explained  variation  in  a  child’s  IQ.  When  all  of  the  environmental  variables 
that  were  associated  with  a  child’s  IQ  and  HAZ  were  entered  into  a  stepwise  regression 
the  following  three  factors  were  significant:  parental  IQ  (p=<0.00001),  parental  schooling 
(p=0.01),  and  economic  assets  (p=0.04).  See  Table  9  for  results.  HAZ  and  whether  or  not 
a  child  had  themselves  attended  school  were  not  significant. 
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Stepwise  regressions  were  also  run  to  see  specifically  which  environmental  variables 
were  significantly  associated  with  variation  in  adaptive  behavior.  The  environmental 
variables  independently  associated  with  composite  adaptive  behavior  scores  were 
whether  a  child  attended  school  and  the  number  of  children  in  the  household.  Similar 
stepwise  regressions  were  also  run  to  determine  the  significant  explanatory  variables  for 
motor  skills,  and  daily  living  skills.  The  number  of  children  in  the  house  and  the  HAZ  of 
the  child  best  predicted  motor  skills.  The  environmental  factors  significantly  associated 
with  daily  living  skills  were  the  number  of  children  in  the  house  and  school  attendance. 
The  same  results  were  found  when  stepwise  regressions  were  done  in  the  forward 
direction  or  mixed  forward  and  backward.  See  Table  9. 


Table  9:  Results  of  stepwise  regressions  showing  environmental  or  anthropometric 
variables  that  explain  variation  in  a  child’s  IQ. 


Outcome  Variable  (N) 

Factors  which 
significantly  accounted 
for  variation  in  IQ 

R2  (cumulative) 

P-value 

IQ  (70) 

Parental  IQ 

0.25 

<0.00001 

Parental  Schooling 

0.31 

0.01 

Economic  Assets  (1-2&3) 

0.36 

0.04 

Economic  Assets  (2-3) 

0.38 

0.10 

Composite  VABS  (79) 

Child’s  Schooling 

0.12 

0.002 

Children  in  House 

0.18 

0.02 

Motor  Skills  (87) 

Children  in  House 

0.07 

0.02 

HAZ 

0.11 

0.04 

Daily  Living  Skills 

Children  in  House 

0.15 

0.0003 

(79) 

Child’s  Schooling 

0.21 

0.02 

DISCUSSION 


This  study  explored  the  relationship  between  malnutrition,  environmental  factors  and 
developmental  outcomes.  At  first,  this  research  appears  to  support  the  results  of  many 
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other  studies  that  long-term  cognitive  and  developmental  skills  are  impaired  by 
malnutrition  earlier  in  life  (Galler  et  al,  1983,  Freeman  et  al,  1980,  Grantham-McGregor 
et  al,  1982,  Flumphreys  et  al,  1985,  Sigman  et  al,  1991).  Specifically,  bivariate  analyses 
showed  that  shorter  children  had  lower  IQs  and  decreased  composite  adaptive  behavior 
scores  at  age  7-8  years.  Children  who  were  malnourished  for  a  longer  period  of  time  and 
who  weighed  less  at  17  and  30  months  of  age  also  had  decreased  IQs.  However,  when 
environmental  factors  were  included  in  the  analyses,  estimates  of  previous  nutritional 
status  no  longer  significantly  explained  variation  in  IQ  or  composite  adaptive  behavior. 
The  only  exception  was  when  analyses  were  done  by  Vineland  subtest.  Motor  skills  were 
impaired  in  shorter  children  and  this  effect  remained  when  environmental  factors  were 
controlled  for.  Other  studies  have  found  that  the  relationship  between  previous  nutritional 
status  and  long-term  cognitive  skills  is  no  longer  significant  when  environmental  factors 
associated  with  extreme  poverty  are  controlled  for  (Bogin  and  MacVean  1983,  Johnston 
et  al.  1987)  but  others  have  still  seen  a  significant  association  (Galler  et  al.  1983, 

Freeman  et  al.  1980,  Grantham-McGregor  et  al.  1982,  Humphreys  et  al.  1985,  Sigman  et 
al.  1991,  Rose  1994).  However,  there  is  considerable  variability  in  which  factors  are 
controlled  for  in  these  studies.  Particularly  there  are  only  a  few  studies  which  have  taken 
the  IQ  of  a  parent  into  account  and  the  few  studies  which  have,  only  looked  at  maternal 
IQ  (Grantham-McGregor  et  al.  1982,  Sigman  et  al.  1991).  This  study  found  that  parental 
IQ  was  the  variable  that  explained  the  greatest  amount  of  variation  in  a  child’s  IQ. 
However,  even  when  parental  IQ  was  removed  from  the  analyses,  height  was  still  not 
significantly  associated  with  a  child’s  IQ,  independent  of  the  other  environmental  factors. 
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This  study  supports  many  other  studies  in  indicating  that  environmental  variables  far 
outweigh  nutritional  variables  in  predicting  cognitive  and  developmental  competence. 
However,  malnutrition  and  other  environmental  variables  are  highly  confounded  and  the 
direction  of  effect  is  not  always  clear  (see  Grantham-McGregor  1995  and  1993  for 
review,  Wachs  1995).  The  influence  of  malnutrition  on  brain  development  may  depend  to 
a  large  degree  on  the  familial  and  socioeconomic  environment  in  which  it  occurs  (Lozoff 
1989).  Determine  what  the  primary  and  secondary  effects  of  malnutritionare  and  what  the 
direction  of  causality  is  can  be  extremely  difficult.  It  is  likely  that  the  complex 
interactions  between  nutritional,  socio-economic  and  genetic  factors  will  never  be  fully 
elucidated  but  valuable  insights  can  be  gained  and  potential  targets  for  interventions 
identified  with  observational  studies,  such  as  this  one.  We  discuss  our  findings  in  relation 
to  the  literature,  identify  some  of  the  limitations  of  this  study,  and  conclude  by  addressing 
some  of  the  policy  implications  of  this  research. 

We  did  not  find  an  independent  association  between  nutrition  and  cognitive  and 
developmental  skills.  This  result  could  have  multiple  explanations.  One  is  that  height  is 
an  inexact  measure  of  previous  nutrition  and  is  influenced  by  other  environmental 
variables.  Various  anthropometric  measures  were  used  to  estimate  previous  nutritional 
status  (height,  percent  of  time  weight  was  under  the  fifth  percentile,  and  weight  of  the 
child  at  various  time  points).  However,  these  variables  are  themselves  affected  by  other 
environmental  factors  (Powell  and  Grantham-McGregor  1985).  Nutrition  clearly  affects 
height  and  may  independently  affect  cognitive  development,  but  other  environmental 
variables  are  affecting  both  height  and  cognitive  development.  Thus  it  is  unclear  whether 
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short  stature  is  a  marker  for  poor  nutrition  or  a  marker  for  another  environmental 
variables  which  has  a  large  impact  on  brain  development.  One  possible  factor  that  could 
account  for  both  increased  IQ  and  height  in  children  is  parental  IQ  (see  below).  One  way 
to  avoid  the  problems  with  using  height  as  a  proxy  for  previous  nutrition  is  to  directly 
measure  food  intake.  This  is  obviously  extremely  difficult  and  only  a  few  studies  have 
done  so.  Sigman  et  al.  (1991)  found  a  small  but  significant  effect  of  nutrition  that  was 
independent  of  environmental  variables  .  However,  it  was  only  fat  and  animal  protein  and 
not  total  calories  or  anthropometric  variables  that  independently  predicted  a  child’s  long¬ 
term  cognitive  skills  (Sigman  et  al.  1989,  Sigman  et  al.  1991).  It  is  unclear  from  that 
study  whether  macronutrients,  micronutrients  or  both  influence  cognitive  and 
developmental  skills.  If  micronutrients  are,  in  fact,  more  important  than  macronutrients, 
then  height  may  be  a  poor  indicator  of  whether  a  child  has  received  adequate 
micronutrients  since  height  is  determined  more  by  cumulative  calories. 

Some  studies  have  suggested  that  motor  skills  may  be  particularly  susceptible  to 
variations  in  nutrition  (Gorman  1995,  Galler  et  al.  1987,  Waber  et  al.  1981).  Our  research 
supports  this  conclusion,  although  the  effect  of  height  on  motor  skills  was  still  relatively 
small  in  comparison  to  environmental  factors.  Since  motor  skills  are  a  measure  of  both 
mental  and  physical  development,  it  is  possible  that  the  association  we  found  between 
height  and  motor  skills  was  simply  because  taller  children  had  better  motor  skills  and  not 
because  of  previous  nutritional  status.  Results  from  supplementation  studies  suggest, 
however,  that  motor  skills  are  directly  influenced  by  nutrition.  Waber  et  al.  (1981)  found 
that  children  who  received  food  supplementation  had  better  motor  skills  at  36  months  of 
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age  and  that  language  skills  were  only  marginally  affected.  Nutritionally  supplemented 
Indonesian  children  (6-20  months)  also  had  better  motor  skills  than  non-supplemented 
children  (Husaini  et  al.  1991).  In  a  similar  study,  nutritionally  supplemented  12  and  18- 
month-old  children  walked  at  an  earlier  age  and  were  motorically  more  active  (Jahari  et 
al.  2000).  This  effect  on  motor  skills  was  independent  of  the  weight  of  the  children  in 
both  studies,  which  indicates  that  the  relationship  is  not  simply  because  heavier  (or  taller) 
children  have  better  motor  skills.  It  should  be  noted  that  the  assessment  of  motor  skills  in 
these  studies  is  slightly  different  from  those  in  our  study.  The  Vineland  measures  the 
motor  skills  that  a  child  routinely  accomplishes  and  not  necessarily  what  a  child  is 
capable  of,  although  the  two  are  closely  linked  (Sparrow,  Balia  and  Cicchetti  1984). 
Motor  skills  have  been  largely  neglected  in  the  literature  on  malnutrition  but  it  is  an 
important  topic  as  variations  in  motor  skills  may  have  a  larger  impact  on  the  lives  of 
many  malnourished  children  than  potential  slight  decreases  in  IQ.  For  example,  when 
parents  were  asked  about  the  climbing  skills  of  their  children  as  part  of  the  motor  skills 
assessment,  parents  universally  answered  by  describing  how  tall  a  tree  the  child  could 
climb  to  get  fruit.  This  illustrates  how  important  motor  skills  can  be,  even  for  young 
children,  in  communities  that  supplement  subsistence  agriculture  with  hunting  and 
gathering.  Health  and  survival  could  be  impacted  by  decreased  motor  skills  particularly  if 
this  deficit  persists  into  adulthood. 

Whether  or  not  there  are  sensitive  periods  when  children  are  particularly  susceptible  to 
the  effects  of  malnutrition  was  also  addressed  in  this  research.  We  found  that  in  bivariate 
analyses,  children  who  weighed  less  at  17  and  30  months  had  lower  IQs  at  age  7-8  years 
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old.  This  time  period  between  ages  one  and  two  is  thought  to  be  the  peak  ages  for  myelin 
lipid  fonnation  in  the  human  brain  (Chase  et  al.  1974).  The  association  between  WAZs  at 
17  and  30  months  and  IQ  was,  however,  no  longer  significant  when  environmental 
factors  were  controlled  for.  Mendez  and  Adair  (1999)  also  found  that  the  association 
between  timing  of  stunting  and  IQ  was  not  significant  after  multivariate  adjustment.  In 
contrast,  Sigman  et  al.  (1991)  found  that  the  weight  of  a  child  at  age  17  months  and  30 
months  was  still  significantly  correlated  with  IQ  at  age  5  years  even  when  environmental 
factors  were  controlled  for.  We  did  not  find  an  association  between  the  WAZ  of  the  child 
at  5  or  48  months  and  their  IQ.  Of  note  there  were  few  children  in  the  5-month  age  group 
who  would  be  considered  moderately  to  severely  malnourished  (WAZ<-2).  This  may  be 
because  children  are  still  breast-feeding  exclusively  at  this  age  (see  Figure  1).  Given  a 
larger  number  of  infants  who  were  malnourished  in  that  age  group,  a  significant  effect  on 
cognitive  skills  may  have  been  seen.  In  contrast,  a  child’s  weight  at  48  months  was  found 
to  be  positively  associated  with  adaptive  behavior  skills  even  when  environmental  factors 
were  controlled  for.  Thus  malnutrition  around  age  four  appears  to  be  particularly 
detrimental  for  the  development  of  the  type  of  skills  measured  in  the  Vineland  (fine  and 
gross  motor  skills,  social  skills,  communication,  and  daily  living  skills).  At  age  7-8  years 
old,  children  who  were  wasted  at  four  years  old  had  not  caught  up  with  the  adaptive 
behavior  skills  of  their  peers  who  had  less  wasting  but  there  was  no  difference  in  their 
IQs.  These  results  suggest  that  certain  developmental  skills  may  be  susceptible  to 
malnutrition  during  critical  time  periods  and  that  the  time  periods  may  differ  based  on  the 


outcome  being  measured. 
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This  research  was  also  able  to  address  the  question  of  the  effect  of  the  duration  of 
malnutrition.  Children  whose  weight  was  below  the  fifth  percentile  for  longer  periods  of 
time  were  found  to  have  decreased  IQs.  However,  when  environmental  variables  were 
controlled  for,  there  was  found  to  be  no  independent  effect  of  duration  of  malnutrition. 
Confidence  in  these  results  is  limited  by  the  lack  of  children  whose  weight  had  been 
below  the  fifth  percentile  for  a  short  period  of  time  and  the  small  overall  sample  size.  We 
also  had  to  estimate  duration  of  malnutrition  by  calculating  the  percent  of  weighings 
when  a  child's  weight  was  below  the  5th  percentile.  This  was  necessary  because  some 
children  had  large  periods  of  time  when  they  were  not  weighed.  This  method  is  not  ideal 
and  if  children  were  more  consistently  weighed,  duration  of  malnutrition  may  have  had  a 
stronger  effect  on  a  child’s  cognitive  development.  However,  Mendez  and  Adair  (1999) 
also  found  that  persistence  of  malnutrition  did  not  independently  predict  scores  on  IQ 
tests  when  educational,  socioeconomic  and  psychosocial  variables  were  controlled  for. 
This  suggests  that  it  may  be  true  that  the  length  of  time  a  child  is  malnourished  is  less 
important  than  environmental  factors  in  influencing  a  child’s  IQ.  Further  research  where 
children  are  weighed  consistently  for  many  years  would  be  needed  to  verify  these 
findings  and  to  determine  how  permanent  deficits  may  be. 

Schooling  had  an  important  influence  on  cognitive  development  in  this  study.  Children 
who  attended  school  had  higher  IQs,  composite  adaptive  behavior  scores,  motor  skills 
and  social  skills.  All  of  these  aspects  of  cognitive  development  are  likely  to  be  important 
for  a  child’s  future  success  and  indicate  that  schooling  may  have  broad  reaching  benefits, 
particularly  for  malnourished  children.  Some  researchers  have  suggested  that  schooling 
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may  have  a  buffering  effect  and  may  attenuate  the  negative  impact  of  malnutrition  or 
poor  socio-economic  environments  (Gorman  and  Pollitt,  1996).  However,  it  is  possible 
that  children  who  are  more  intellectually,  socially  and  physically  advanced  may  have 
been  more  likely  to  be  sent  to  school.  Children  who  were  taller  and  who  weighed  more 
when  they  were  young  (17  and  48  months)  were  found  to  be  more  likely  to  have  attended 
school.  Thus  some  of  the  apparent  effect  of  schooling  may  be  due  to  a  selection  bias  on 
the  part  of  families,  about  whom  they  will  send  to  school.  If  this  is  true,  it  suggests  that 
children  who  have  been  undernourished,  and  who  are  likely  most  in  need  of  the  benefits 
of  schooling  are  the  ones  who  are  least  likely  to  be  sent  to  school.  Mendez  and  Adair 
(1999)  also  found  that  malnourished  children  were  less  likely  to  be  sent  to  school,  which 
indicates  that  there  may  be  added  negative  consequences  of  having  been  malnourished.  In 
stepwise  regressions  schooling  was  found  to  have  an  independent  effect  on  both 
composite  adaptive  behavior  and  social  skills  but  not  on  a  child’s  IQ  or  motor  skills. 
Parents  with  more  schooling  also  tended  to  have  children  with  higher  IQs.  It  is  likely  that 
there  are  skills  that  are  learned  in  school  that  improve  child  rearing  skills  and/or  the 
nutritional  status  of  their  children.  Ivanovic  et  al.  (2000)  also  found  that  mothers  with 
more  schooling  tended  to  have  children  with  higher  IQs.  This  research  suggests  that 
improving  access  to  schooling  may  not  only  benefit  the  individual  in  school  but  may  also 
benefit  that  individual’s  children. 

Parental  IQ  was  the  most  significant  factor  in  predicting  a  child’s  IQ,  accounting  for  25% 
of  the  variation  in  a  child’s  IQ.  A  parent’s  IQ  could  potentially  influence  a  child’s  IQ  in 
many  ways.  The  first  and  most  obvious  is  genetically.  However,  this  may  not  be  the  only 
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way.  For  example,  in  this  study,  there  was  a  correlation  between  parental  IQ  and  the 
height  of  the  child.  Parents  with  higher  IQs  may  be  more  creative  in  finding  food 
resources  for  their  children  or  possibly  in  preventing  or  treating  illness.  It  should  be 
noted,  however,  that  we  did  not  measure  parental  height.  It  is  possible  that  parents  with 
higher  IQs  were  genetically  taller  and  therefore  had  taller  children.  In  this  population, 
height  is,  however,  largely  determined  by  environmental  factors.  Few  if  any  of  the  people 
in  this  area  are  reaching  their  genetic  potential.  Thus  it  is  more  likely  that  if  parents  with 
higher  IQs  were  taller  that  is  because  they  had  better  nutrition  as  children  and  were  able 
to  pass  on  the  improved  nutrition  to  their  children.  Possible  mechanisms  of  passing  on 
improved  nutrition  could  be  via  breast  milk,  or  better  knowledge  about  varied  diets. 
Neumann  et  al.  (1991)  found  that  girls  with  higher  morbidity  at  18-30  months  were 
shorter  and  lighter  at  age  5  years  than  children  who  had  not  been  ill  as  frequently.  These 
children  also  did  not  score  as  well  on  cognitive  tests.  Thus  it  may  be  that  better  health 
affects  the  brain’s  development  and  that  parental  IQ  is  a  marker  for  improved  health  of 
the  children.  We  did  find  that  shorter  children  were  perceived  by  their  families  to  have 
been  more  frequently  ill.  Another  potential  pathway  for  parental  IQ  to  affect  a  child’s  IQ 
is  through  stimulation.  Super  et  al  (1990)  found  that  children  whose  mothers  had  been 
given  tutoring  in  cognitive  and  social  stimulation  had  children  that  were  both  taller  and 
had  higher  IQs.  Grantham-McGregor  et  al.  (1994)  also  found  that  psychosocial 
stimulation  improved  malnourished  children’s  IQs  even  up  to  14  years  after  the 
intervention.  Parents  with  higher  IQs  in  this  study  may  be  stimulating  their  children  more 
and  in  that  way  increasing  both  their  IQ  and  height. 
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There  were  a  number  of  other  environmental  factors  which  significantly  influenced 
cognitive  and  developmental  skills.  The  number  of  children  living  together  in  the  same 
household  was  negatively  associated  with  the  focal  child’s  composite  adaptive  behavior 
skills,  daily  living  skills,  and  motor  skills.  This  may  be  because  children  in  larger 
households  are  expected  individually  to  do  less  of  the  work  in  the  family  and  thus  learn 
fewer  skills.  It  may  also  be  that  limited  adult  attention  decreases  the  number  of 
developmental  tasks  that  children  master.  Nutritional  factors  and  family  size  may  also  be 
confounded  since  children  in  larger  families  may  have  less  access  to  food  than  children  in 
smaller  families.  Families  with  more  births  were  also  less  likely  to  send  their  children  to 
school  and  this  may  explain  some  of  the  decrease  in  adaptive  behavior  skills.  In 
regression  analyses,  both  the  number  of  children  in  the  house  and  schooling 
independently  influenced  composite  adaptive  behavior  skills  and  daily  living  skills.  This 
result  indicates  that  the  trend  towards  decreasing  family  size  may  have  a  positive  impact 
on  the  children  who  grow  up  in  smaller  families.  Economic  assets  were  also  found  to  be 
independently  predictive  of  IQ  scores  in  the  stepwise  regression.  The  bivariate  analyses 
suggest  that  it  is  the  middle-income  families  who  have  children  with  higher  IQs  rather 
than  either  the  low  or  high-income  families.  We  do  not  have  an  explanation  for  this 
finding.  One  other  interesting  association  was  between  television  watching  and  IQ. 
Children  who  watched  more  TV  has  lower  IQs.  This  may  be  because  children  are 
substituting  television  watching  for  activities  which  stimulate  their  brain  more,  or  it  may 
be  that  television  viewing  is  a  marker  for  another  factor,  such  as  not  attending  school. 
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While  this  study  was  able  to  reach  some  interesting  conclusions,  there  were  a  number  of 
limitations  to  the  research.  As  noted  above,  the  sample  size  of  the  children  with  charts 
was  relatively  small  which  restricted  the  conclusions  possible  about  the  timing  and 
duration  of  malnutrition.  Further  research  with  larger  sample  sizes  of  children  who  have 
been  weighed  as  young  children  might  have  more  power  to  elucidate  whether  IQ 
development  is  more  vulnerable  to  malnutrition  when  children  are  age  one  to  two  and 
that  adaptive  behavior  skills  are  more  vulnerable  around  age  four.  Larger  sample  sizes 
may  help  pinpoint  time  periods  that  are  critical.  This  study  also  did  not  control  for  birth 
weight  which  means  that  prenatal  undemutrition  may  have  also  been  a  factor  in  the 
development  of  the  children  in  this  study.  Given  the  small  proportion  of  variance 
explained  for  some  outcome  variables,  it  is  clear  that  this  research  did  not  identify  all  the 
potentially  important  genetic  or  environmental  variables  that  affect  cognitive  and 
physical  development.  While  it  will  never  be  possible  to  measure  all  the  possible 
variables,  careful  attention  needs  to  be  paid  in  future  research  into  what  are  the  best 
variables  to  measure.  More  direct  measures  of  psychosocial  stimulation  might  be  helpful, 
as  this  factor  has  been  shown  to  have  an  important  impact  on  a  child’s  development 
(Grantham-McGregor  et  al.  1994,  Grantham-McGregor  et  al.  1991 ).  There  are  factors 
that  are  likely  to  be  cross-culturally  important  such  as  schooling  and,  as  identified  in  this 
paper,  parental  IQ.  However,  there  will  also  be  culturally  specific  environmental 
variables  that  will  have  to  be  tailored  to  each  research  site.  Correlational  studies,  such  as 
this  one,  are  limited  in  the  conclusions  that  can  be  drawn  and  many  issues  are  open  to 
interpretation.  It  is  likely  that  it  will  never  be  possible  to  determine  causality  given  the 
large  number  of  confounding  variables  influencing  a  child’s  development  (Susser  1990). 
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The  need  to  protect  human  subjects  means  that  it  is  not  possible  to  do  many  experimental 
studies  and  one  is  left  to  draw  the  best  inferences  from  the  cumulative  research. 

While  the  final  answer  may  never  be  known  to  the  question  of  how  detrimental 
malnutrition  is  for  a  developing  child,  studies  such  as  this  one  can  identify  targets  for 
selective  interventions  that  could  potentially  benefit  children  who  live  in  extreme 
poverty.  Particularly,  this  research  indicates  that  improving  access  to  schooling  may  have 
the  largest  impact  on  a  child's  overall  brain  development.  Improving  schooling  in  a 
community  appears  to  have  both  a  direct  effect  on  the  cognitive  and  developmental  skills 
of  children  and  an  indirect  effect  via  improved  parenting  and  IQ  in  parents  who  have 
been  to  school.  We  recognize,  however,  that  the  difficulties  in  determining  the  direction 
of  causality,  mean  that  improving  other  factors  in  a  community,  such  as  nutrition,  may 
have  indirect  benefits.  For  example,  better  nourished  children  may  be  more  likely  to  be 
sent  to  school  or  better  able  to  pay  attention  in  school.  Limitations  on  non-governmental 
organizations,  also  mean  that  not  all  interventions  are  equally  feasible.  Distributing  food 
may  be  easier  and  in  some  acute  situations,  absolutely  necessary.  Nevertheless,  in  chronic 
poverty,  food  supplementation  may  have  only  a  minimal  effect  in  improving  the 
cognitive  and  developmental  skills  of  children  in  comparison  to  other  potential 
interventions.  In  conclusion,  our  research  suggests  that  no  matter  how  attached  we  are  to 
the  idea  that  malnutrition  is  harmful,  nutrition  appears  to  have  a  relatively  small  effect  on 
a  child’s  development  when  compared  to  the  massive  effects  of  poverty  and  its  attendant 


risk  factors. 
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Appendix  1 

Socioeconomic  survey  questions  (translated  into  English). 
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1)  How  many  people  live  in  your  home?  How  many  are  adults  and  how  many  children? 

2)  Do  you  have  any  chickens?  How  many?  Do  you  have  any  other  animals? 

3)  Do  you  have  any  rubber  trees?  How  many  kilos  do  you  tap  in  a  day? 

4)  Do  you  have  a  rice  field?  How  many  “gantang”  (traditional  measure)  do  you  grow  a  year? 

5)  Do  you  get  shopping  money  from  anything  else  besides  (the  things  they  already  mentioned)? 

6)  Have  you  ever  taken  this  child  (focal  child)  traveling  to  another  village  or  to  the  city?  How  many  times? 

7)  Does  your  child  ever  watch  TV?  How  many  hours  per  week? 

8)  When  your  child  was  small  did  you  normally  take  him  or  her  with  you  to  the  rice  field  or  have  someone 
else  take  care  of  him/her? 

9)  If  someone  else,  who  was  that  person? 

10)  To  what  age  was  your  child  nursed? 

1 1)  Has  your  child  already  begun  school?  What  class? 

12)  Did  the  child’s  mother  go  to  school?  Father?  How  many  years? 

13)  Is  your  child  seldom  or  frequently  sick?  What  kind  of  illness? 

14)  Has  your  child  ever  been  admitted  to  the  hospital?  How  many  times? 

15)  What  religion  is  your  family?  If  Christian,  do  you  go  to  church?  How  often?  Does  your  child  go  with 
you? 

16)  Does  anyone  in  the  house  ever  drink  alcohol  or  gamble? 

17)  How  many  children  have  you  (the  child’s  mother)  had?  How  many  are  still  living?  Are  there  other 
children  you  care  for. 

18)  From  your  point  of  view,  what  do  you  think  would  be  the  best  way  to  improve  the  health  of  your 


children? 


HARVEY  CUSHING/JOHN  HAY  WHITNEY 
MEDICAL  LIBRARY 

MANUSCRIPT  THESES 


Unpublished  theses  submitted  for  the  Master’s  and  Doctor’s 
degrees  and  deposited  in  the  Medical  Library  are  to  be  used  only  with 
due  regard  to  the  rights  of  the  authors.  Bibliographical  references 
may  be  noted,  but  passages  must  not  be  copied  without  permission  of 
the  authors,  and  without  proper  credit  being  given  in  subsequent 
written  or  published  work. 

This  thesis  by 

has  been  used  by  the  following  person,  whose  signatures  attest  their 
acceptance  of  the  above  restrictions. 


NAME  ANI)  ADDRESS 


DATE 


YALE  MEDICAL  LIBRARY 


3  9002  0 


043  0396 


